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1. INTRODUCTION

This document presents the  environmental monitoring program (EMP)  plan of study to be
conducted at the discharge monitoring area within Shell ~ Gulf of Mexico Inc. (Shell) Burger
prospect lease blocks in the outer continental shelf (OCS) of the Chukchi Sea, Alaska, during
and following exploratory drilling operations (Figure 1). The EMP presented in this document
follows the stipulations presented in the Authorization fo Discharge under the National Pollutant
Discharge Elimination System (NPDES) for Oil and G as Exploration Facilities on the Quter
Continental Shelf (OCS) in the Chukchi Sea , permit number AKG -28-8100 issued by the U.S.
Environmental Protection Agency (EPA) in compliance with the Clean Water Act.

1.1. EMP Goal and Objectives

The goal of the EMP is  to outline the sampling rationale and approach to collect  high quality
environmental data, during four discrete time phases, in order to support future permit
development and to validate the determination that impacts from authorized Arctic offshore oil
and gas exploration discharges will not cause an unreasonable degradation of the marine
environment.

The objectives of the EMP, consistent with the NPDES authorization are:

1. Complete an initial site assessment, including a physical sea bottom survey, to ensure the
exploratory facility is not located or anchored in a sensitive biological area or habitat;

2. Evaluate water quality characteristics of the receiving water and potential effects of the
specified discharges;

3. Evaluate sediment characteristics of the seafloor and potential effects of the discharges on
the sediment characteristics;

4. Evaluate potential effects to the benthic community structure due to deposition of
Discharge 001 (water -based drilling fluids and drill cuttings) and Discharge 013 (muds,
cuttings and cement at the seafloor), which includes both spatial and temporal changes in
community diversity and abundance; and

5. Evaluate the suspended particulate and dissolved constituent plume(s) in the vicinity of
the discharges.
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1.2. Authorized Discharges

A variety of waste streams are authorized under the NPDES permit, which includes 13 different
discharges (Table 1).

Table 1: Summary of authorized discharges by number and description.'

Discharge Number

001 Water-based Drilling Fluids and Drill Cuttings
002 Deck Drainage

003 Sanitary Wastes

004 Domestic Wastes

005 Desalination Unit Wastes

006 Blowout Preventer Fluid

007 Boiler Blowdown

008 Fire Control System Test Water

009 Non-contact Cooling Water

010 Uncontaminated Ballast Water

011 Bilge Water

012 Excess Cement Slurry

013 Muds, Cuttings and Cement at the Seafloor

'In the event that a particular discharge is not released, the requirements
associated solely with that discharge will not be conducted

The discharges represent operational discharges resulting from normal drilling activities, such as
sanitary and domestic wastes and desalination unit wastes (e.g., released from generation of
drinking water), and discharges specific to drilling activities, specifically muds and cuttings.
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2. BACKGROUND

Shell plans to drill several exploratory wells on the Chukchi Sea OCS in accordance with plans
submitted to the U .S. Department of Interio r. The pre dicted average drilling season is long
enough to drill two or three exploration wells from spud to proposed total depth (PTD) and
possibly construct an additional mudline cellar (MLC) or drill and secure a partial well.

2.1. Chukchi Sea Site Description

The OCS area of the Chukchi Sea is among the least -developed continental shelf areas in the
United States. The Chukchi Sea is north of the Bering Sea and west of the Beaufort Sea  , and
borders numerous Alaska Native villages along the northwestern coast of Alaska (e.g.,
Wainwright, Barrow). The portion of the Chukchi Sea where oil exploration is intended is north
of 70°N latitude (Figure 1). Both the Chukchi and Beaufort Seas were explored in the late 1980s
and carly 1990s for potential oil and gas development and ~ have been further characterized in
recent years following lease sales in 2005, 2007 and 2008. The location of the Chukchi Sea north
of the Arctic Circle makes field work and data collection challenging, due to its remoteness, cold
temperatures, and presence of sea ice for most of the year.

OCS Lease Sale 193 was held in February 2008 and Shell was subsequently awarded 275 leases
(blocks) through a competitive bidding process. The locations of the lease blocks in the Burger
Prospect and the drill sites addre ssed in this EMP are indicated in Figure 2. Water depth in this
part of the OCS is shallow, ranging from 40 - to 50-meters (m) deep. Predominant wind direction
1s from the northeast. Tides range from 5 to 30 centimeters ( ¢cm). P redominant water flow
direction has been measured to the east -northeast, h owever weather conditions can be highly
variable, with storms that result in significant wind -driven water surface currents in any possible
direction. Due to the fact that the area is covered by sea ice much of the year, the exploration
drilling and monitoring activities are anticipated to occur during the open-water season.

2.2. Chukchi Sea Drilling Operations

Currently, Shell plans to drill up to six wells to PTD in the Burger prospect using a drill rig. The
drill rig will be attended by a fleet of support vessels, including roles for ice management, anchor
handing, refueling, resupply and oil spill response. Table 2 lists possible drill site locations.

Table 2: Possible drill site locations in the Burger prospect.

Coordmates m
Prospect | Well| Area | Block L ( ) Latitude Longitude
Number Y

Burger Posey | 6764 |OCS-Y-2280 563945 26 |7912759.34 |N71°18°30.92” |W163°12°43.17”
Burger F | Posey | 6714 |OCS-Y-2267 |[564063.30 |7915956.94 |N71°20°13.96” |W163°12°21.75”

Burger J | Posey | 6912 |OCS-Y-2321 ([555036.01 |7897424.42 [N71°10°24.03” |W163°28°18.52”
Burger R | Posey | 6812 |OCS-Y-2294 |553365.47 [7907998.91 [N71°16°06.57” |W163°30°39.44”
Burger S | Posey | 6762 |OCS-Y-2278 |554390.64 [7914198.48 |N71°19°25.79” |W163°28°40.84”
Burger | V | Posey | 6915 |OCS-Y-2324 |[569401.40 |7898124.84 |N71°10°33.39” |W163°04°21.23”
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2.2.1. Drilling Operations

Well drilling operations begin with the creation of a tophole. A tophole consists of the
foundational hole section(s) drilled prior to installing a blowout preventer (BOP) stack. The
design also includes a slim pilot hole to evaluate the site for shallow hazards and a self -
supporting MLC. The MLC is drilled 1 n such a manner as to create a subsurface space that is
approximately 20 feet in diameter and 40 feet deep.  This space is used to house the wellhead,
casing, and blowout protectors and protect them from  damage during ice gouge events. The
precise configuration of casing and hole sizes, depths and supporting hole sections will vary as
the well design 1s matured and optimized.

During the drilling of the tophole, drill cuttings will be deposited at the sea floor. During
cementing of casing strings, spacer and cement will be deposited on the seafloor and/or on the
bottom of the MLC.

After the tophole is completed, drilling 1s advanced through a BOP and marine riser. Drilling
mud and cuttings are transported up the riser to the drilling unit. There the cuttings a re separated
from the drilling fluid by solids control equipment. The separated solids are discharged into the
sea and the reclaimed mud 1s recirculated downhole.

After prolonged drilling, the drilling fluid properties degrade through exposure to high
temperatures and pressures in the well and by dilution with water and clay -sized cutting
particles. At that point, a portion of the drilling fluid in the mud tanks may be discharged to the
ocean to allow for mud reformulation.

2.2.2. Mud Formulation

Shell plans to us e water-based mud (WBM) as a drill -flushing medium. Due to the very limited
environmental impact of WBMs, which have low toxicity characteristics (Neff 2010, Petroleum
Environmental Research Forum [PERF]2005), WBMs are an authorized discharge (001 and
013) under the NPDES permit for the OCS Chukchi Sea.

The primary purposes of drilling mud are to cool and lubricate the drill bit, remove cuttings, and
maintain pressure and formation stability (Neff 2010). The mud is formulated to suit the nature
of the for mation being drilled, plus factors such as depth, temperature and pressure. As the
borehole 1s advanced to its PTD, progressively more complex mud formulations may be used to
control the properties of the drilling fluid, which is continually reconditioned  and recirculated
back down the drill string. Various additives are used to improve the properties of the drilling
fluid such as density enhancers, fluid loss reducers, viscosity agents, lubricants, dispersants and
shale reactivity inhibitors. Other additiv  es may include biocides, oxygen scavengers and
corrosion inhibitors. Specific details on the water -based muds to be used for the exploratory
drilling in the Burger prospect can be found in the drilling fluids plan.

The ingredients of a typical water -based drilling mud include brine, fresh water, barite (barium
sulfate [BaSQO4]), inhibitors and biopolymers. Agents such as barite are added to increase mud
weight and counterbalance downhole pressures at depth. Small volumes of mud are periodically
discharged in bulk and replaced with seawater to control the rheological properties of the fluid.

ED_000659_PST2_00003587 EPA_FOIA-2016-000092-01220
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Heavy metals such as copper (Cu), lead (Pb) and zinc (Zn) may be found in trace concentrations
in drilling muds; however, these elements do not readily bioaccumulate  (Neff 2010). Although
the used mud could potentially contain various other additives , these materials represent only a
small fraction of the overall mud volume (Neff 2008, Neff 2010). Most WBM additives are not
bioavailable, are non -toxic, and/or are used in such smal | amounts that they are not present in
used drilling fluids at concentrations high enough to contribute significantly to whole -mud
toxicity (Trefry and Smith 2003, Netff 2008 ). The entire mud formulation goes through extensive
toxicity testing and is verified to meet EPA’s toxicity requirements (EPA 1993, EPA 2000, EPA
2006, EPA 2012 , EPA 2013 ). The results of these toxicity tests are present ed in the drilling
fluids plan.

The manner in which the drill rig is operated and the nature of geological formations may
contribute chemical constituents to the mud as the borehole is advanced vertically through the
natural stratigraphic sequence. Once the reservoir target depth is reached, crude oil, condensate
or gaseous hydrocarbons may become entrained in the mud. In samples of WBMs used in 2012,
all metals were at or below background concentrati  ons with the exception of  barium ( Ba),
antimony (Sb), Cu, and Pb (Table 5). However, these metals generally are bound to clays or
humates which limits their bioavailability. S imilarly, hydrocarbons also typically exhibit limited
bioavailability.

2.2.3. Discharge Streams

Anticipated drilling discharge streams from the drill rig are listed in the Notice of Intent. Muds
and cuttings discharges do not occur continuously and are typically intermittently discharged
during drilling operations.

During drilling, there will be a few bulk WBM discharges over varying time periods. These brief
WBM discharges and the more frequent, lower -rate discharges of drill cuttings will be released
about 6 m b elow the sea surface after dilution in the disposal caisson . Depending on prevailing
oceanographic conditions, these discharges may or may not be visible from the rig or any vessels
in the vicinity. The WBM and cuttings plumes will dilute to background lev  els downstream of
the rig, mainly through the settling of drilling mud and cuttings solids on  to the sea floor (Neff
2010).

The major drilling discharge will be drill cuttings. The cuttings consist primarily of inert solids,
such as crushed rock, Ba, and bentonite clay that settle rapidly to and accumulate on the sea floor
down-current of the rig. When discharged to the ocean, WBM and drill cuttings, which are
slurries of particles of different sizes and densities in water containing dissolved inorganic sa  lts
and organic chemicals, form a plume that dilutes rapidly as it drifts away from the discharge
point with the prevailing water currents (Figure 3).

The WBM discharge undergoes dispersion, dilution, dissolution, flocculation and settling in the
water column. All components in the WBM and cuttings discharges are diluted many -fold during
descent through the disposal caisson. Most dissolved components, such as sodium chloride, in
the WBM or cuttings plume exiting the disposal caisson, continue to dilute rapi dly by turbulent
mixing (eddy diffusion) of the receiving waters (Neff 2010). Particles in the plume also dilute

ED_000659_PST2_00003587 EPA_FOIA-2016-000092-01222



Environmental Monitoring Program Olgoonik -
Plan of Study Fairweather LC

and are dispersed in different ways depending on their sizes and densities. The WBM and
cuttings plumes are expected to partition into two phas es: (1) a dense, rapidly -settling particulate
solids phase (~90% of total m ass of mud and cuttings solids), and (2) an upper -water-column,
slowly-settling phase containing fine -grained (clay -size) particles and dissolved ingredients of
the discharge (~10% of total mass; Neff 2010). Because of the shallow water depth at the drill
sites and the distance between the bottom of the disposal caisson and the seafloor, the two
plumes will be co-mingled, with the larger, denser particles settling to the sea floor ne arer to the
rig than the fine particles. Fine  -grained particles (clays) in the upper plume will remain
suspended at or below the discharge depth (the plume water will have a salinity and density
similar to or higher than that of the ambient seawater) or se ttle slowly and be carried away in the
direction of the mid -depth residual currents (toward the east. It is unlikely that the upper plume
will rise into surface waters (upper 10 m).

Sea Surface

Anoxic

Figure 3: Dispersion and fates of WBM and cuttings following discharge to the ocean (Modified
from Neff 2010). The WBM often forms 2 plumes, an upper plume containing fine-grained
unflocculated solids and dissolved components of the mud, and a lower, rapidly-settling plume
containing dense, larger-grained particles, including cuttings, and flocculated clay/barite particles.

The denser particles in the settling plume will sink quickly as they drift away from the discharge
site, with the rate of sinking depending on particle size and density relative to seawater density at
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different depths in the water -column. The density of seawater increases with increasing depth
(pressure) and salinity and with decreasing temperature. The continuous phase of both the gel
WBM that will be used to drill the wider (upper) hole and the inhibitive polymer WBM that will
be used to drill the narrower (deeper) sections of the well is a sodium chloride brine that will be
denser than seawater; thus, the WBM plume will sink. WBM and cuttings particles may
accumulate at a water depth where the density of the water and particles is the same.

2.2.4. Modeling Results

Environmental numeric modeling was conducted to simulate the dispersion and deposition of the
cement, water based drill cuttings, and drilling fluids discharges using the Offshore Operators
Committee Mud and Produced Water Discharge Model (OOC Model, Brandsma 2004 and Smith
et al. 2004 ). The report, in its entirety, is provided as Appendix B to the EMP plan. The
dispersion and deposition numeric simulations were performed for each well for six discrete
drilling intervals divided into two discharge scenarios: sea floor and sea surface. Drilling
intervals 1-3 are modeled as sea floor discharges and drilling intervals 4 -6 are modeled as sea
surface discharges. The sea floor discharges occur at 5 m above the s eabed and the surface
discharges occur at 6.7 m below the sea surface. The drilling operations are nearly identical for
the three modeled wells (Burger A, J, and V) and are divided into six discrete drilling intervals.

The pre-diluted effluent discharge ra tes vary from a low of 15.9 barrels per hour (bbl  /hr)toa
high of 217.78 bbl /hr for six discrete drilling 1 ntervals for each well. Cement is discharged only
for the sea floor discharge scenarios and is included in the volume of drill cuttings. The solids
deposition on the seabed from the six discrete drilling intervals wer e compiled using a project
post-processing tool of the OOC model yielding the total solids deposition loading and total
thickness distribution on the seabed from the drilling operation at each well site.

The maximum total suspended solids (TSS)  concentrations are: 10 -100 milligrams per liter
(mg/L) at 100 m, 5 -10 mg/L at 200 m, and 1 -5 mg/L at 500 m from the source. The maximum
TSS values are 5 mg/L or less for five out of six drilling intervals at 200 m from the source. A
summary of the discharge scenario and modeling results for Burger A is provided in Table 3.
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Table 3: Discharge scenario and model predicted results for Burger A.

00C Model Predictions
Solids Deposition on the Seabed TSS Concentration in

Area Covered by Water Column
Solids Thickness (Distances from Source)

2 .
1
1
1

Effluent
ischarce Rate

Duration
of Drilling

Discharge
Drilling Intervals
Depth
of Discharge
Maximum
Deposit
Thickness

|
5] 0w | .

|
.
.

Combined | 195.3 | 45.7 |varies | 130.22 0594 | 2020 | - | - | - |

ha = hectacre
mm = millimeters

The model predicted total solids loading on the sea floor , as a result of the discharge of cement,
drilling fluid, and water based drill cuttings, are estimated to be:
e Maximum deposit loading 11,387 -11,600 kilograms per square meter (kg/m?”) occurs at
the discharge location;
e Deposit loading is 1 kg/m * and 100 grams per m” at a distance approximately 300 m and
700 m, respectively from the discharge location; and
o The area affected by solids deposits loading of more than 1 kg/m? is approximately
9,220-10,390 m* or one hectare.
As an example, the total amount of deposition of solids for Burger A is shown in Figure 4.

<1
-1
=1

1-5
=1
=1
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Burger A: Combined Model Result at 195.3 hours

Spatial Extent of Total Solids Loading Distribution on Seabed
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Figure 4: Total amount of deposition of solids for Burger A.

The model predicted total solids thickness de posited on the sea floor, as a result of the discharge
of cement, drilling fluid, and water based drill cuttings, is estimated to be:

¢ Maximum deposit thickness of 859 -872 cm occurs at close proximity to the discharge
location;

¢ Deposit thickness is less than 10 cm approximately 60 m from the discharge location;
o Thickness is less than 1 cm beyond 120 m from the discharge location;

¢ Thickness is less than 1 mm beyond 250 m from the discharge location; and

o Thickness greater than 1 cm is limited to an area of approximately 1,460-1,570 m>.

As an example, the spatial extent of total solids thickness on the seafloor for Burger A is shown
in Figure 5.
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Burger A: Combined Model Result at 195.3 hours

Spatial Extent of Total Solids Thickness Distribution on Seabed
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Figure 5: Spatial extent of total solids thickness on the seafloor at Burger A.

Total impact to the benthic environment from exploratory drilling at Burger A, Burger J and
Burger V is estimated to be limited to an area of approximately 0.10 square kilometers (less than
2.5 acres). Impacts at 100 m from the discharge source are solids deposit thickness of 1 cm on
the seabed and TSS  in the range of 10 -100 mg/L. Deposition beyond 200 -250 m from the
discharge source is insignificant: solids deposit thickness of 1 mm on the seabed and TSS of 5
mg/L or less.

The modeling results are based on the depositional dynamics expected for exploratory drilling
discharges in the Chukchi Sea . Research based on empirical field measurements of metals and
other chemical components associated with drilling activities corroborates the model resul ts and
demonstrates that the majority of the deposition of muds and cuttings typically occurs within 250
m or less from the discharge location (Trefry e t al. 2013) and that discharge impacts are limited
in time and space (The Research Council of Norway 201 2, Trefry et al. 2013). This information
was used in developing the technical approach and scope.
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3. OVERALL TECHNICAL APPROACH AND SCOPE
The EMP sampling design and detailed scope of wor  k, necessary to achieve the monitoring
objectives, is organized into 4 assessment phases (I, II, II1, and IV) as illustrated in Table 4.

Table 4: Summary of four phases for implementation of the EMP.

I Baseline site characterization

II | During active drilling
IIT | Post-drilling
IV | No later than 15-months after drilling operations cease at a drilling site

The Phase I assessment requires a physical site characterization which includes:
1. An initial site physical sea bottom survey;
2. Physical characteristics;
3. Receiving water chemistry and characteristics, and
4. Benthic community structure.
The Phase IT assessment will be conducted during drilling activities and includes:
1. Effluent toxicity characterization;
2. Discharge 009 (non-contact cooling water) plume observations;
3. Water-based drilling fluids/drill cuttings metals analysis; and
4. Plume monitoring and observations.

Phase T and IV assessments are conducted following the cessation of drilling activities at a
drilling site. Phase III components wil 1be conducted as soon as practicable immediately after
drilling and include:

1. Physical sea bottom survey;
2. Sediment characteristics and discharge effects; and
3. Benthic community bioaccumulation monitoring.

Phase I'V assessments will be conducted no later than 15 months after drilling operations cease at
a drilling site and include all components from the Phase III assessment with the addition of
evaluation of the benthic community structure.

3.1. Phase I Assessment

The NPDES permit requires a baseline site characterization to be conducted as part of the Phase |
assessment, but allows for data collected under other agency requirements or in a voluntary
fashion, within the most recent 5 -year period at or in the vicinity of the drill site location, to be
submitted for consideration of meeting the requirement. The goal of this section is to present and
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demonstrate that sufficient baseline data exist throughout  the north east Chukchi Sea that can
serve as a replacement for Phase I sampling at drilling locations within the Burger study area.

A substantial amount of baseline science and site characterization data exists for the Chukchi Sea
OCS as a result of extensive, multidisciplinary research programs (both industry and
government) that have been conducted during the past five years. Empirical data from the past
five years exist for the Chukchi Sea from two large, comprehensive baseline studies that have
been conducted annually for three and five years, respectively.

The Chukchi Sea Offshore Monitoring in Drilling Area  : Chemical and Benthos (COMIDA
CAB), a Bureau o f Ocean Energy Management -funded study, collected chemical and benthic -
ecology data for two y ears in 2009 and 2010 . An extension of COMIDA CAB—Hanna Shoal
Ecosystem Study—is a 2-year program begun in 2012 that has collected chemical and benthic -
ecology data for one year. The COMIDA CAB sampling stations in the north eastern Chukchi
Sea are shown in Figure 6.

The Chukchi Sea Environmental Studies Pr ogram (CSESP), a joint industry -funded study began
in 2008 and has collected a diverse and multi -disciplinary dataset for the past five years. CSESP
studies included environmental chemistry and benthic ecology, as well as physical
oceanography, marine mammals and seabirds, and other disciplines. CSESP data were collecte d
at three 30x30 nautical mile blocks (Klondike, Burger and Statoil). Only the Burger study area
data (with some contemporaneous stations in the immediate vicinity of the Burger study area) are
included here (i.e., Klondike and Statoil study area data are not presented) (Figure 6).

These comprehensive programs (i.e., COMIDA CAB and CSESP) provide a unique combination
of government-funded and industry -funded data sets that, in conjunction, provide empirical data
specific to the northeastern Chukchi Sea regio n, for the Burger prospect area, as well as specific
drill sites such as the Burger A drill site.

In addition, a discharge monitoring program (DMP) was voluntarily conducted by Shell, in 2012,
in which Phase I-equivalent data were collected at 18 stations around the Burger A drill site. The
DMP stations represent spatially-intensive sampling points and are shown in Figure 6 (insets).

Information generated from these programs during the last five years, representing different
geographical parts of the Chukch 1 Sea, was compiled and synthesized.  Data analys es were
conducted to determine variability within and among data sets from the same region and to
establish that historical data from a larger geographical area may be predictive of current
baseline data at site-specific locations.

A summary of the available baseline site characterization data is provided in Appendix A. This
summary clearly demonstrates that existing information and data are sufficient to characterize
baseline conditions for the components listed in section I1.A.f. of the NPDES permit:

1. Initial physical sea-bottom survey;

2. Baseline physical characteristics (physical oceanography);
3. Receiving-water chemistry and characteristics; and
4

Baseline benthic-community structure.
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Figure 6: CSESP, DMP and COMIDA CAB stations in the vicinity of Burger prospect, Chukchi
Sea, 2008-2012.
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In addition, because water -based drilling fluids and drill cuttings (Discharge 001) will be
discharged, the summary provides additional baseline da ta for the components liste d in section
I.A.13.2 and 3:

1. Sediment characteristics; and
2. Benthic community bioaccumulation monitoring.

Of particular note with respect to the Phase I pre -drill baseline data requirement, is the
clarification regarding soft corals in the Chukchi Sea. News releases from 2012 suggest that
sensitive species, specifically soft corals, were newly discovered in the Burger study area and are
a critical habitat at the drilling location (http://www.greenpeace.org/usa/en/media  -center/news-
releases/Abundant-corals-discovered-at-Shells-Chukchi-drill site/). The soft coral in question,

the Sea Raspberry ( Gersemia fruticosa and G. rubiformis), is well known and widely dispersed
throughout the North Pacific, the Bering Sea, Alaska’s coastal waters, and the Chukchi Sea.
Based on the extensive CSESP sampling from 2008 to 2011, there do not appear to be any
habitats or species that can be designated as critical or unique in the Burger study area or specific
Burger drill sites. Additional support for this conclusion can be found in the rejection of Pefition
to list 44 coral species under t he Endangered Species Act (ESA) , published in February 201 3 in
the Federal Register (Federal Register, volume 78 number 31).

These existing data meet the Phase [ data collection requirements and are submitted for
consideration as Phase I baseline site characterization data for this EMP, as per the NPDES
permit.

3.1.1. Revised List of Metals for Receiving Water Assessment and Justification

In accordance with the NPDES per mit provision that “the permittee may propose an alternative
list [of metals] based on site -specific data” (p. 21, OCS Chukchi NPDES permit), six selected
metals from the suite of 19 for dissolved water analysis (NPDES permit, Table A, Metal
contaminants o f concern) will be removed from consideration as part of the receiving water
chemistry (dissolved water analysis) assessment. The justification for removal of these six
metals—aluminum (Al), iron (Fe), tit anium (T1), silver (Ag), antimony ( Sb) and berylliu m
(Be)—falls into three categories:

1. Metals with extremely low water solubilities and/or are naturally at extremely low
concentrations in wat